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by  V.  M.  Danilenko,  M.  A.  Krivoglaz,  L.  R.  Larikov, 
and  A.  A.  Smirnov  in  Uspekhi  Pizicheskikh  Rank 
(Achievements  of  Physical  Sciences),  Vol  LXX,  Ro  1, 
Moscow,  I960,  pages  191-198.  J7 


The  Ukrainian  Republic  Conference  on  the  Theory  of 
Metals  and  Alloys  took  place  in  Kiev  from  1  June  to  5  June 
1959*  This  was  the  first  conference  to  consider  a  broad 
range  of  topics  of  the  theory  of  metals  and  alloys  rather 
than  narrow  individual  problems  of  metallophysics,  as  was 
heretofore  the  custom.  The  conference  summed  up  the  results 
of  accomplished  work  and  set  the  course  for  future  investi¬ 
gations  of  those  basic  questions  of  theoretical  metallo¬ 
physics  that  play  an  important  role  in  the  technical  prog¬ 
ress  of  the  country. 

Scientists  of  the  Ukraine  and  a  great  number  of  sci¬ 
entific  coworkers  from  other  Republics  participated  in  the 
work  of  the  Conference. 

The  Conference  heard  and  discussed  70  papers  and  com¬ 
munications,  which  were  presented  in  two  plenary  sessions 
and  in  two  sections  %  the  electron  theory  of  metals  and  the 
molecular-kinetic  theory  of  metals  and  alloys. 

During  the  plenary  sessions,  interesting  review  re¬ 
ports  were  presented  by  I.  M.  Lif shits  and  3.  V.  Vonsovskiy. 

I.  M.  Lif  shits  read  a  reports  "Basic  problems  and 
prospects  of  the  development  of  metal  theory  in  the  light 
of  the  task  of  accomplishing  the  Seven  Year  Plan."  The 
report  of  S.  V.  Vonsonskiy  was  dedicated  to  the  phenomenolo¬ 
gical  theory  of  ferromagnetism.  Both  papers  marked  out  the 
most  essential  questions  of  theories  of  metals  and  pointed 
out  lines  for  further  investigations. 
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A  report  by  V.  P.  Silin  was  dedicated  to  the  impor¬ 
tant  question  of  the  conductivity  effect  of  the  mutual 
interaction  between  electrons  on  the  properties  of  metals. 
The  interaction  was  considered  with  the  help  of  the  fermi- 
liquid  theory  offered  by  L.  D.  Landau,  which  was  generalized 
with  a  consideration  of  an  electromagnetic  interaction  bet¬ 
ween  electrons  acting  at  a  distance.  Interelectron  inter¬ 
action  leads  to  a  qualitative  change  of  the  energy  spectrum 
of  an  electron  system.  Side  by  side  with  the  branch  of 
Fermi-excitation  characteristic  for  an  electronic  gas,  there 
appear  in  an  electronic  liquid  branches  of  Bose-excitations , 
which  correspond  to  ‘'zero  sound,"  and  also  to  longitudinal 
and  lateral  plasma  oscillations.  As  a  result,  the  inter¬ 
electron  interaction  leads  to  additional  losses  of  energy 
by  the  fast  electrons  passing  through  thin  films  of  metal, 
related  to  excitation  of  the  zero  sound  and  the  plasma  osci- 
lations,  and  also  to  a  change  of  dielectric  susceptibility 
in  the  infra-red  region. 

A  great  number  of  reports  were  dedicated  to  an  inves¬ 
tigation  of  various  phenomenon  in  metals,  the  study  of 
which  presents  an  opportunity  to  reinstate  the  shape  of  the 
Fermi  plane  of  electron  conductivity. 

In  works  of  I.  M.  Lif shits  and  V.  G-.  Peschanskiy, 
the  galvanomagnetic  characteristics  of  metals  with  open 
Fermi  planes  in  strong  magnetic  fields  were  reviewed. 

There  was  analyzed  the  substantial  relationship  between  the 
asymptotic  of  these  characteristics  and  the  topology  of 
the  Fermi -plane  established  in  works  of  I.  M.  Lif shits, 

M.  Ya.  Azbel'  and  M.  I.  Kaganov.  In  particular,  in  the 
presence  of  open  trajectories  of  electrons  on  the  Fermi 
plane,  the  resistance  for  one  direction  of  the  magnetic 
field  moves  toward  saturation  and  quadratically  increases 
for  other  directions.  This  v/ay  it  was  possible  to  explain 
the  rule  of  lineal  increase  of  resistance  in  a  magnetic 
field  as  a  result  of  some  neutralization  established  by 
P.  L,  Kapitsa.  The  assumed  character  of  the  Fermi  plane 
for  gold  and  copper  was  actually  discovered  by  Pippard. 

A  report  by  M.  Ya.  Azbel'  presented  the  results  of 
the  quantum  theory  of  the  high  frequency  electroresistance 
established  by  him.  It  was  demonstrated  that,  depending 
on  the  surface  resistance  of  the  field,  quantum  oscillations 
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must  be  observed.  The  amplitude  of  these  oscillations 
sharply  increases  if  the  frequency  of  the  electromagnetic 
field  coincides  with  the  frequency  of  the  cyclotron,  while 
the  resonance  increase  of  the  amplitude  must  be  present 
not  only  in  the  field  parallel  to  the  metal  surface  (as 
in  the  case  of  classical  cyclotron  resonance)  but  also  in 
the  inclined  field.  Investigations  of  the  effect  at  va¬ 
rious  directions  of  the  magnetic  field  presents  a  chance 
to  reestablish  the  shape  of  the  Fermi  surface  and  determine 
electrons  velocities  on  that  surface.  Analysis  of  the 
shape  of  the  Fermi  surface  may  be  simplified  by  using  thin 
films  when  the  various  groups  of  electrons  are  separated. 

A  report  of  M.  Ya.  Azbel'  and  E.  A.  Kaner  was  dedi¬ 
cated  to  the  theory  of  the  cyclotron  resonance  in  metals 
predicted  by  the  authors,  which  takes  place  in  the  area 
of  an  abnormal  skin  effect  in  the  magnetic  field.  Inves¬ 
tigation  of  this;  effect  presents  an  opportunity  to  deter¬ 
mine  electron  velocities  in  the  Fermi  surface  and  its  topo¬ 
logy.  There  were  analysed  the  latest  investigations  of 
cyclotron  resonance  in  Sn,  Cu,  Bi,  In,  and  Pb.  It  was 
noted  that  one  of  the  methods  of  determining  maximum  dia¬ 
meter  of  the  Fermi  surface  appears  to  be  investigation  of 
cyclotron  resonance  in  the  thin  films.  If  the  diameter  of 
the  Larmorov  orbit  of  the  electron  is  equal  to  the  thick¬ 
ness  of  the  film,  a  break  must  be  observed  on  the  curve 
depicting  the  relation  between  the  surface  impedance  and 
the  intensity  of  the  field. 

As  M.  I.  Kaganov  noted  in  the  case  of  a  quadratic 
relationship  between  the  electron  energy  and  the  impulse, 
the  period  of  rotation  of  electrons  in  a  magnetic  field, 
and  therefore  the: resonance  frequency,  is  a  function  of 
the  applied  fields  This  effect  can  be  utilized  for  ana¬ 
lysis  of  the  shape  of  the  isoenergetic  surfaces  in  a  semi¬ 
conductor. 

In  a  report  submitted  by  Ya.  A,  Bychkov,  L.  E. 
Gurevich,  and  G.  M.  Nedlin,  the  thermomagnetic  effects  in 
strong  magnetic  fields  was  examined.  These  effects  also 
substantially  depend  on  the  shape  of  the  Fermi  surface,  and, 
in  particular,  qualitatively  differ  from  closed  and  open 
surfaces.  In  the  presence  of  a  temperature  gradient,  the 
appearing  stream  of  photons  absorbs  electrons  and  results 
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in  the  appearance  of  a  new  mechanism  of  thermomagnetie 
effects.  This  mechanism  appears  if  the  ratio 

(T 

TJiti  (T  -  temperature,  0  -  Debye  temperature, 

I  -  chemical  potential  of  electrons) 
is  very  small  and  this  should  take  place  at  not  too  low 
temperatures.  At  the  same  time,  the  thermomagnetie  ef¬ 
fects  do  not  depend  on  the  temperature  and  the  direction 
of  the  field. 

A  different  type  method  of  determining  the 
shape  of  the  Perm!  surface  of  electrons  in  metals  was  exa¬ 
mined  in  a  report  of  A.  A.  Smirnov  and  M.  A.  Krivoglaz. 

This  method  is  based  on  the  study  of  the  summary  pulse  of 
a  pair  of  photons,  forming  upon  annihilation  of  a  positron 
with  the  conductivity  electron  in  a  metal.  The  connection 
of  this  pulse  with  the  pulse  of  the  electrons  makes  it 
possible  —  by  conducting  investigations  of  the  angular 
distribution  of  h  -quanta  at  various  orientations  of  the 
mono crystal  —  to  determine  the  region  in  the  space  of 
pulses  filled  with  electrons.  Despite  the  existence  of 
various  reasons  for  decay  of  the  v -quanta  distribution 
picture,  this  method  may  be  utilized  for  determining  the 
general  character  of  the  anisotropic  Fermi  surface  not 
only  in  pure  metals  but  also  in  some  alloys. 

A  report  of  A.  M.  Kosevioh  presents  a  theory  of 
the  effect  of  elastic  deformation  on  the  energy  spectrum 
of  electrons  in  metal  and  on  the  osoillations.  of  the  mag¬ 
netic  acceptability  in  the  outer  field.  If  the  metal 
contains  electron  groups  with  a  small  number  of  electrons, 
then  small  deformations  may  change  the  periods  of  oscil¬ 
lations  by  tens  of  percent.  In  a  constant  magnetic  field, 
the  change  'in  the  outer  pressure  must  lea,d  to  oscillations 
of  the  thermodynamic  magnitudes  of  the  metal.  The  de  Gaas- 
van  Alfen  effect  was  also  calculated  for  the  case  of  the 
pulsed  magnetic  field. 

A  communication  of  B.  I.  Verkin  and  I.  M. 
Dmitrenko  contained  results  of  experimental  investigations 
of  the  effect  of  manifold  pressure  to  1730  kO/cm  on 
crystals  of  weakly  magnetic  metals  (Zn,  Bi,  Be,  Sn)  with 
reference  to  the  magnitude  of  the  magnetic  anisotropy  and 
the  de  Gaas-van  Alfen  effect.  It  was  demonstrated  that 
the  magnetic  anisotropy  and  the  period  of  magnetic 
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oscillations  of  susceptability  depend  on  the  outer  pressure 
in  a  complicated  periodic  manner. 

Three  reports  were  dedicated  to  the  question  of 
absorption  ultra-sound  in  a  magnetic  field.  The  location 
of  maximums  on  the  curve  depicting  relationship  of  the 
absorption  coefficient  to  the  intensity  of  the  field  cor¬ 
respond  to  a  definite  relation  between  the  length  of  the 
sound  wa^e  and  the  diameter  of  the  Larmorov  orbit  and  in  a 
substantial  manner  depend  on  the  form  of  the  Fermi  surface. 
In  connection  with  this  —  as  indicated  in  the  report  by 
Yi  L*  Gurevich,  who  examined  a  case  of  arbitrary  dispersion 
—  the  examination  of  absorption  of  sound  in  a  magnetic 
field  also  presents  a  possibility  of  recreation  of  the 
shape  of  the  Fermi  surface.  Side  by  side  with  the  ordi¬ 
nary  deformation  mechanism  of  sound  absorption,  V.  L. 
Gurevich  offered  a  new  mechanism  named  by  him  the  "induc¬ 
tion  mechanism"  which  is  related  to  the  Joule  heat  effect 
of  the  induction  currents,  originating  in  the  movement  of 
the  regions  of  metal  in  the  magnetic  field  deformed  by 
waves.  There  are  regions  of  portions  of  the  field  in  which 
induction  absorption  appears  to  be  essential.  Peculiari¬ 
ties  of  absorption  in  a  region  where  the  diameter  of  the 
Larmorov  orbit  is  substantially  smaller  than  the  length 
of  the  sound  wave,  and  the  relations  between  the  coeffi¬ 
cients  of  absorption  and  the  reversed  field  are  not  perio¬ 
dic,  were  examined. 

In  work  by  G,  L.  Kotkin  the  absorption  of  sound  in 
metals  with  an  isotope  Fermi  surface  was  investigated. 

The  conditions  obtained  for  maximum  coefficient  of  absorp¬ 
tion  differed  from  analogous  conditions  of  Pippard. 

A.  A.  Galkin  and  A.  P.  Korolyuk  presented  a  commu¬ 
nication  concerning  experimental  disclosure  of  oscillations 
of  the  ultrasonic  absorption  coefficient  in  a  magnetic 
field  for  tin  and  zinc.  The  pulse  projections  of  electrons 
for  various  crystallographic  directions  was  determined 
according  to  the  periods  of  oscillation.  In  strong  magne¬ 
tic  fields,  a  sharp  anisotropy  of  ultrasonic  absorption 
was  observed  which  allowed  judging  the  shape  of  the  Fermi 
surface . 

Considerable  attention  was  given  at  the  conference 


5 


to  the  theory  of  dispersion  of  Roentgen  rays  and  slow 
neutrons  by  solid  solutions,  In  a  report  of  M.  A.  Krivo- 
glaz  and  Ye.  A,  Tikhonova  dedicated  to  this  question,  there 
was  presented  a  general  theory  of  dispersion  by  means  of 
solutions  of  arbitrary  composition  with  arbitrary  parame¬ 
ters  of  distant  and  close  order.  The  peculiarities  of  the 
intensity  distribution  in  the  neighborhood  of  kinks  of  a 
reversed  lattice  were  investigated  and  it  was  demonstrated 
that  the  study  of  the  character  of  peculiarities  can  serve 
as  a  method  for  determining  the  location  of  the  admixed 
atoms  in  the  lattice.  It  was  demonstrated  that  the  index 
of  the  exponential  in  the  Debye  factor  of  weakening  inten¬ 
sity  does  not  depend  quadratically  on  the  length  of  the 
wave  and  that  it  is  related  in  a  non-additive  manner  with 
the  statistical  and  dynamical  displacements.  The  distri¬ 
bution  of  the  intensity  of  the  diffisuion  dispersion  cal¬ 
culated  on  the  basis  of  this  theory  by  means  of  a  Debye 
diagram  was  examined  in  a  work  by  V.  I.  Iveronova  and  A. 

A.  Katsnel'son.  The  experimental  investigation  of  the 
alloy  Ni-Ft  conducted  by  them  demonstrated  that  the  calcu¬ 
lated  ana  the  measured  distribution  of  intensity  are  in 
complete  agreement.  A  report  of  M.  A.  Krivoglaz  examined 
the  dispersion  of  Roentgen  rays  and  thermal  neutrons  in  the 
area  of  the  point  of  the  phase  transition  of  the  second 
type.  It  was  demonstrated  that  with  consideration  of 
lattice  distortion,  the  distribution  of  intensity  may  change 
substantially.  In  particular,  in  crystals  not  having  a 
center  of  symmetry,  and  in  crystals  located  near  the  criti¬ 
cal  point,  abnormally  large  dispersion  occurs  not  only  in 
the  neighborhood  of  superstructural  images  but  also  in  the 
neighborhood  of  the  structural  images.  The  authors  also 
examined  the  analogous  effects  of  abnormal  dispersion  near 
the  critical  point  on  the  curve  of  the  dissociation  and 
near  the  Curie  ferromagnetic  or  antiferromagnetic  temperature. 

A  report  by  A.  A.  Smirnov  and  Ye.  A.  Tikhonova  pre¬ 
sented  an  examination  of  the  concentration  dependence  of 
the  intensity  of  the  normal  images  and  the  background  of 
dispersed  Roentgen  rays  from  non-regulated  substitution 
alloya  in  which  the  non-uniformities  of  the  lattice  are 
connected  with  the  difference  of  atomic  factors  and  atomic 
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radii  of  various  compounds.  The  obtained  formulas  also  ; 
permit  finding  the  intensity  dispersion  of  slow  neutrons. 

A  V.  M.  Danilenko  report  presented  results  of 
calculations  of  intensity  of  Roentgen  ray  dispersion  in 
different  blast-furnace  type  structures  (errors  of  super¬ 
position  of  tightly-packed  atom  layers,  antiphase  blast¬ 
furnace  regulations  and  others).  A  well-developed  gene¬ 
ral  theory  investigated  the  effect  of  a  blast-furnace 
structure  of  different  types  on  the  character  and  the 
magnitude  of  the  erosion  of  normal  images. 

K.  P.  Ryaboshapka  and  V.  M.  Danilenko  demons¬ 
trated  that  the  presence  of  dislocations  in  normal  alloys 
leads  to  various  spreadings  of  the  maximum  intensity  cor¬ 
responding  to  structural  and  superstructurai  images.  It 
was  explained  in  what  manner  the  intensity  of  normal  ima¬ 
ges  and  the  intensity  of  the  diffused  dispersal  change 
upon  the  formation  of  a  telkor  atmosphere  around  the 
dislocations. 

A  report  by  A.  N.  Men*  and  A.  N.  Orlov  submit¬ 
ted  calculations  of  maximum  frequency  of  oscilla¬ 

tions  with  a  volume-centered  cubical  lattice.  It  was 
demonstrated  that  upon  normalizing  grows  and  there¬ 
for  the  characteristic  temperature  of  the  alloy  increases 

A  report  by  A.  P.  Zvyagina  and  V.  I.  Iveronova 
noted  that  the  Debey  characteristic  temperature  of 
alloy,  determined  from  Roentgen  data,  substantially  de¬ 
pends  on  the  appearance  of  the  spectrum  of  tne  thermal 
oscillations  of  atoms.  Calculations  indicated  that  a 
normalising  solid  solution  increases  the  mean  quadratic 
thermal  displacement  of  atoms  and  decreases  ®  in  the 
case  of  unchanged  magnitude  of  interatomic  forces  of 
interaction  (and  increasing  maximum  frequency  of  atomic 
oscillation) . 

A  series  of  reports  were  dedicated  to  magnetic 
properties  of  substances.  K.  B.  Vlasov  examined  the  ef¬ 
fect  of  turning  the  plane  of  the  polarized  elastic  trans¬ 
verse  waves  spreading  in  metals  along  the  direction  of 
the  magnetic  field.  This  effect  is  closely  connected 
with  the  change  of  sound  absorption  in  a  magnetic  field 
and  can  rach  an  appreciable  magnitude  in  field  ~io *  a 
with  a  frequency  of  elastic  waves  of  gG. 


A  report  by  A.  A.  Berdyshev  and  B,  V,  Karpenko  was 
dedicated  to  the  calculation  of  the  indirect  interaction 
between  the  inner  electrons  by  means  of  electron  conduc¬ 
tivity.  Indirect  interaction  always  favors  ferromagnetism 
which  may  take  place  in  the  complete  absence  of  a  direct 
connection  and  even  with  a  negative  exchange  integral. 
Indirect  interaction  exchange  is  perhaps  responsible  for 
ferromagnetism  in  the  diluted  alloys,  alloys  of  Geissler 
and  the  rare-earth  metals.  B.  V.  Karpenko  and  A.  A. 
Berdyshev  noted  that  the  interaction  of  the  conductivity 
electrons  with  spin  waves  in  an  anti-ferromagnetic  resists 
the  correlation  of  electrons  near  the  Fermi  surface  and  by 
the  same  token  to  the  transition  of  metal  into  a  supercon¬ 
ductive  state. 

A  report  of  L.  M.  Petrova  and  Yu.  P.  Irkhin  contained 
a  calculation  of  an  ordinary  constant  of  Hall  for  ferro¬ 
magnetic  metal  in  the  framework  of  the  s-d  Vonsovsky  ex¬ 
change  model  in  the  presence  of  a  double-zone  structure 
of  the  conductivity  band.  It  was  shown  that  the  calcula¬ 
tion  resulted  in  the  decrease  of  R  with  the  decrease  of 
temperature,  as  was  observed  with  nickel  and  alloys  of 
nickel  with  copper. 

Works  of  P.  S.  Zyryanov,  T.  G.  Izyumova  and  G.  B. 
Skrotslciy  reviewed  electroresistance  of  ferromagnetic 
alloys  in  the  area  of  radiofrequency  near  ferromagnetic 
resonance.  Near  the  resonance  frequency,  the  amplitude 
of  the  spin  waves  —  appearing  -under  the  action  of  the 
outer  electromagnetic  field  —  sharply  rises.  At  the  same 
time  the  electroresistance  —  related  to  the  energy  of 
dissociation  of  the  interaction  of  the  forced  frequencies 
with  the  conductivity  electrons  —  also  sharply  rises. 
Without  considering  the  damping  the  spin  waves,  the  electro¬ 
resistance  appears  to  be  inversely  proportional  to  a  square 
of  the  difference  between  the  electromagnetic  field  fre¬ 
quence  and  the  resonance. 

Yu.  A.  Izyumov  and  G.  B.  Skrotskiy  examined  the 
spin  magnetic  resonance  on  conductivity  electrons.  The 
cases  of  ferromagnetic  and  non-ferromagnetic  metals  were 
examined, 

A.  I.  Gubanov,  with  the  help  of  a  quasi-chemical  ■ 
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approach,  examined  the  phenomenon  of  ferromagnetism  in  amor¬ 
phous  ferromagnetics.  The  author  noted  that  a  distant  order 
of  atomic  location  does  not  appear  to  be  necessary  for  the 
existence  of  ferromagnetism.  The  expression  obtained  by 
him  for  Curie  temperature  indicates  that  a  function  of  the 
distribution  of  neighboring  atoms  according  to  distance  plays 
an  important  role. 

In  work  of  M.  Ya.  Azbel',  V.  I.  Gerasimenko,  and  I. 

M.  lifshits  the  paramagnetic  resonance  in  metals  was  exa¬ 
mined  in  cases  when  the  depth  of  the  skin-layer  is  slightly 
smaller  than  the  measurements  of  the  sample.  As  a  result 
of  diffusion  of  the  conductivity  electrons  with  spin  reversed 
at  the  resonance  absorption,  the  area  of  the  sample  demagne- 
tation  may  be  substantially  greater  than  the  area  of  skin- 
layer.  As  a  result,  at  resonance  frequency,  the  coefficient 
of  the  electromagnetic  emission  passing  through  the  thin  film 
sharply  increases.  An  important  result  of  this  work  appears 
to  be  the  noted  possibility  of  obtaining  oriented  nuclei  dur¬ 
ing  paramagnetic  resonance  in  a  layer  greater  in  thickness 
than  a  skin  layer. 

A  report  by  V.  P.  Silin  offered  a  microscopic  theory 
of  optical  effects  in  metals,  suitable  for  the  area  of  normal 
as  well  as  abnormal  skin-effect.  It  is  taken  into  considera¬ 
tion  that  the  substitution  of  the  electron  beyond  the  period 
of  oscillation  is  small  in  comparison  with  the  depth  of  the 
skin-layer,  though  the  length  of  the  free  run  may  be  great. 
The  developed  theory  gives  an  opportunity  to  investigate  the 
optical  properties  of  small  conductors  and  to  investigate 
the  case  of  an  inclined  spot  of  light  on  the  surface  of  large 
samples. 

In  work  of  8,  B.  Constantinov  and  Y.  I.  Perel',  an 
expression  was  developed  for  the  conductivity  and  magnetic 
susceptability  of  metal  in  an  alternate  electromagnetic  field 
with  consideration  of  the  space  dispersion.  The  obtained 
results  were  applied  to  the  metal  electrons  in  a  strong  mag¬ 
netic  field.  It  was  demonstrated  that  in  metals  with  a  small 
number  of  electron  conductivities  at  frequencies  smaller 
than  the  cyclotron  frequency  -  the  passing  of  an  electromag¬ 
netic  wave  spreading  along  the  magnetic  field  through  the 
metal  is  possible. 

In  a  report  of  V.  A.  Grinberg  and  A.  N*  Orlov,  a 
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change  in  resistance  in  a  magnetic  field  and  the  Hall  effect 
in  a  pure  metal  With  parallel  lines  of  dislocation  were  con- 
sideredi 

In  a  report  of  A.  A.  Smirnov  and  A.  I.  Nosar' ,  the 
theory  of  electroresistance  of  alloys  with  a  distorted  crys¬ 
talline  lattice  developed  in  the  framework  of  a  multi- 
electronic  metal  model  —  was  presented.  It  was  shown  that 
a  relationship  "between  the  residual  alloy  electro-resistance 
and  the  composition  and  the  parameters  order  may  be  obtained 
by  utilizing  a  very  small  number  of  model  presentations. 
Consideration  of  distortions  of  the  crystal  lattice,  caused 
by  various  sizes  of  atoms,  leads  to  additional  resistance, 
the  dependence  of  which  from  the  alloy  composition  appears 
to  be  related  to  the  character  of  the  concentric  function 
function  of  its  volume. 

A  report  of  G.  V.  Samsonov  and  V.  S.  Ueshpor  pre¬ 
sented  a  consideration  of  the  nature  of  conductivities  of 
Mo^Si  and  MoSi^.  It  was  demonstrated  that  the  conductivity 

has  a  metallic  character  and  that  at  the  same  time  Mo_Si 

appears  to  contain  electrons  and  MoSi^  holes. 

G.  V.  Samsonov  and  Yu.  B.  Paderno  communicated  their 
investigations  of  physical  properties  and  electronic  struc¬ 
ture  of  hexaborides  of  rare  metals  with  a  CaB,-  structure 
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and  having  a  low  magnetude  of  electron  output. 

A  report  of  V.  Ye.  Milcryukov  contained  an  analysis 
of  wide  experimental  material  concerning  performance  of 
the  Videman-Frantz  law  in  metals  and  alloys. 

In  work  of  G.  Ye.  Pikus  and  V.  B.  Piks,  electromag¬ 
netic  effects  in  liquid  metals  were  examined.  During  the 
passing  of  current  through  such  a  metal,  —  because  of 
impacts  of  electrons  against  the  walls  —  the  electrons 
transmit  the  impulse  to  the  wall,  and  the  liquid  receives 
an  impulse  in  the  reverse  direction.  As  a  result,  during 
the  passing  of  current  a  drop  in  pressure  occurs  proportion¬ 
al  to  the  difference  in  potentials  and  depending  on  the 
type  of  the  character  of  dispersion  of  electrons  by  the 
walls.  The  reverse  effect  is  related  to  the  appearance  of 
the  difference  in  potentials  and  also  depends  on  the  charac- 
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*ter  of  the  electron  dispersion  by  the  walls.  This  poten-' 
tial  difference  is  caused  by  the  retardation  of  the 
stream  of  electrons  (because  of  their  collision  with  the 
walls)  from  the  stream  of  ions.  A  kg/ get  drop  in  pres¬ 
sure  in  mercury  will  cause  a  ~fo-« «  difference  in  poten¬ 
tials. 

’A  report  of  X.  B.  Borovskiy  and  K.  P.  Gurov  con- 
tained  a  communication  concerning  an  investigation  of 
* the  influence  of  small  admixtures  on  the  physical  pro¬ 
perties  of  transitional  metals  (diffusion,  coefficient 
of  liniar  expansion,  modulus  of  elasticity,  coefficient 
of  internal  friction,  specific  elasticity  and  so  forth). 
The  non-uniform  change  in  properties  with  concentration 
of  admixture  was  explained  by  the  influence  of  the  exces¬ 
sive  charge  of  the  added  atom  on. the  electrical  struc¬ 
ture  of  the  crystal  area  near  these  atoms* 

A  report  of  M.  I.  Korsunslciy  and  Gr«  P.  Borovikova 
discussed  the  question  of  the  influence  of  small  admix¬ 
tures  on  the  Roentgen  spectra  of  solid  bodies.  It  was 
demonstrated  that  an  admixture  of  a  quantity  0.01-0,001 
at ofo  markedly  changes  the  location  of  Roentgen  levels 
in  germanium. 

A  large  group  of  reports  was  dedicated  to  the 
question  of  the  theory  of  the  phase  conversions  in  me¬ 
tals  and  alloys. 

A  report  of  I,  M,  Lif shits  examined  the  new  type 
phase  transitions  in  metals,  at  great  pressures.  Such 
transitions  are  connected  with  peculiarities  of  a  func¬ 
tion  of  the  distribution  of  conductivity  electrons  at 
absolute  aero  temperature.  In  connection  with  these  pe¬ 
culiarities,  at  a  definite  magnitude  pressure  pn  ,  at 
the  time  of  a  changing  topology  of  the  Perm!  surface  — 
the  relation  between  the  thermodynamic  potential  and  the 
pressure  also  presents  peculiarities.  Inasmuch  as  the 
change  of  compression  near  the  point  of  transition  is 
proportional  to  (/>— />*Vs)  ,  the  author  considers  it  would 
be  proper  to  name  these  transitions  "2 .5-type  transi¬ 
tions.”  Strictly  speaking,  a  phase  transition  of  this 
kind  in  pure  metal  (concerning  the  thermodynamic  poten¬ 
tial)  may  occur  only  at  absolute  aero.  At  limited  tem¬ 
peratures  (or  concentrations  of  admixtures)  the  peculia¬ 
rity  vanishes.  Near  the  period  of  transition  there  takes 
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'place  a  complicated  relationship  between  the  paramagnetio ! 
susceptability  of  electrons  and  the  pressure..  According 
to  the  produced  estimate,  a  phase  transition  of  this  kind 
should  take  place  at  pressures  of  — 10*— 10*  atm.  or  at 
relatively  small  percentages  of  admixture. 

A  work  of  I.  K.  Lif shits  and  G.  I.  Stepanova  pre¬ 
sents  a  method  for  describing  solutions  in  which  the  con- 
-I figuration  of  atoms  does  not  correspond  to  the  state  of 
’ thermodynamic  equilibrium  for  the  examined  temperature, 
ihe  method  is  based  on  the  introduction  of  a  function  of 
correlation  for  a  group  of  atoms*  A  method  for  determi¬ 
ning  these  functions  of  correlations  and  the  free  energy 
of  unbalanced  solid  solutions  is  offered.  Shis  method 
is  particularly  convenient  for  small  admixture  concentra¬ 
tions.  In  particular,'  the  obtained  results  can  be  used 
for  thermodynamic  characteristics  of  solutions  with  a 
constant  change  of  velocity  of  the  correlation  of  para¬ 
meters  or  with  an  unknown  value  of  parameter  correlation 
to  the  corresponding  determinations  of  the  hardening 
temperature  *. 

B.  N.  Finkel’ shteyn  examined  the  thermodynamics 
of  a  tri-component  solid  solution.  She  calculation  of 
the  free  energy  was  accomplished  in  the  framework  of  a 
model  of  twin  interaction  of  solution  atoms  with  the  help 
of  a  quasi-chemical  approach.  A  case  was  investigated 
when  the  concentration  of  a  two -component  solution  was 
small.  The  temperature  relationship  of  parameters  of  a 
near  order  was  determined  as  well  as  the  thermodynamic 
activities  of  the  components. 

A  report  of  Z.  A.  Matysina  and  A.  A.  Smirnov  was 
dedicated  to  the  development  of  a  theory  of  normalizing 
alloys  with  hexagonally  tightly-packed  crystalline  lat¬ 
tices.  The  calculation  was  accomplished  in  the  frame¬ 
work  of  a  statistical  theory  of  normalizing  both  without 
accounting  for  correlation  but  With  accounting  for  a 
quasi-chemical  approach.  The  temperature  of  normaliza¬ 
tion,  the  dependence  of  the  degree  of  the  distant  order 
on  temperature  and  composition  and  the  parameters  of 
correlation  in  the  alloy  were  discussed. 

I.  A.  Gindin,  B.  G.  Lazarev,  Ya.  D.  Starodubov 
and  V.  I.  Khotkevich  communicated  information  relative 
to  the  presence  of  low- temperature  polymorphous 
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'conversions  for  a  series  of  metals  (the  alkali  metals  ? 
■bismuth,  beryllium) «;  *  The  conversion  occurs  after  plastic 
deformation  of  metals,  at  which  time  the  low  temperature 
has  a  lattice  with  tightly-packed  atoms. 

In  work  of  I.  MU  Lif shits  and  VU  V.  Slesov,  the 
process  of  coagulation  of  parts  was  examined  in  the  late 
stage  of  decomposition  when  the  spherical  particles  are 
(sufficiently  large  and  the  solution  saturation  is  small.  . 
‘A  strict  solution  of  the  difficult  mathematical  problem 
was  given,  namely  a  solution  of  a  temporary  equation  for 
functions  of  the  particle  distribution  according  to  size* 
An  assymptotie  solution  of  the  problem  at  high  tempera¬ 
tures  i  was  found.  In  particular, . the  critical  radius 
of  the  nucleus  at  high  ,*  is  directly  proportional  to 

•  The  obtained  results  can  be  applied  in  particular, 
to  a  phenomenon  of  caking  and  formation  of  pores  in  crys¬ 
tals  supersaturated  with  holes.  Pores  disappear  at  first 
from  the  layer  on  the  metal  surface  and  the  thickness  of 
the  layer  should  be  proportional  to  .  As  was  noted 
in  a  presentation  of  P.  I.  Garber,  the  investigation  of 
the  kinetics  of  the  formation  of  pores  in  crystals  of 
rock  salt  substantiated  this  conclusion. 

VU  I.  Vladimirov  examined  the  theory  of  coagula¬ 
tion  of  exoess  vacancies  in  a  solid  body.  The  impossibi¬ 
lity  of  large  structural  defects  by  way  of  coagulation 
of  uniformly  distributed  vacancies  at  constant  tempera¬ 
ture  was  demonstrated.  The  coagulation  processes  occur 
during  body  cooling i  In  an  infinitely  extended  body, 
there  exists  a  temperature  Ter.  and  the  process  of  coagu¬ 
lation  is  impossible  above  it.  Kinetics  of  formation  of 
nuclear  coagulation  below  Ter.  depends  on  the  velocity  of 
sample  cooling.  There  was  offered  an  estimate  of  critical 
sizes  of  samples  at  which  the  process  of  coagulation  is 
destroyed  at  the  expense  of  departure  of  vacancies  on  the 
body  surface,  and  also  an  estimation  of  maximum  and  mini¬ 
mum  measurements  of  horizontal  defects  of  the  prismatic 
dislocation  type,  appearing  as  a  result  of  coagulation 
vacancies. 

A  report  of  B.  Ya.  Lyubov  and  A.  L.  Roytburd  was 
dedicated  to  the  theory  of  growth  of  martensite  crystals. 
Consideration  of  the  atomic  interaction  conducted  by 
uieans  of  a  single-measurement  model  allowed  the  authors  . J 
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to  find  the  critical  value  of  the  moving  force  1QT 

below  which  the  growth  of  the  new  phase  occurs  as  a  re¬ 
sult  of  thermal  fluctuations,  on  condition  that  there  be 
sufficiently  high  intensity  of  the  thermal  movement.  At 

.  the  growth  occurs  as  a  result  of  a  directed 
or 

transition  of  atoms  through  the  potential  barrier  and  at 
the  same  time  the  transition  of  single  atoms  conditions 
and  ensures  the  transition  of  the  following  atoms.  The 
authors  of  this  report  estimated  the  temperature  at  the 
front  of  the  transition  at  stable  conditions  of  the 
growth  and  calculated  the  field  of  intensity  and  the 
elastic  energy  of  the  matrix  for  the  concrete  model,  de¬ 
pending  on  the  parameter  of  the  transition  and  the  actio? 
of  the  outer  loads. 

A  report  of  L.  H.  Larikov  was  devoted  to  the  crys¬ 
tallisation  kinetics  of  deformed  metals  and  alloys..  The 
author  demonstrated  that  the  fluctuation  formation  of 
undistorted  small  crystals  may  occur  with  marked  speed 
only  in  the  most  disorganized  areas  of  the  deformed  me¬ 
tals,  The  obtained  formulas  for  the  velocity  growth  of 
the  centers  of  crystallization  satisfactorily  agree  with 
the  experimental  data  for  pure  metals.  The  author  exa¬ 
mined  the  action  mechanism  of  soluble  and  insoluble  ad¬ 
mixtures  on  the  linial  velocity  of  the  central  growth. 

A  report  of  I. -V.  Salli  considers  the  question  of 
the  lineal  me tas table  equilibrium  of  diagrams  of  a  binary 
system.  On  the  basis  of  molecular-kinetics  and  the  ther¬ 
modynamic  theory  of  crystallization,  a  critical  analysis 
of  the  works  was  made  in  which  an  extrapolation  of  the  ^ 
equation  lines  into  subcritical  area  was  utilized.  The 
author  considers  that  tne  metasta.bi.e_  phases  appearing  at 
high  velocities  of  cooling,  as  a  rule,  are  stable  in 
other  conditions  of  crystallisation  and  are  present  on 
the  diagram  at  higher  concentrations  than  that  of  the 
crystalline  liquid.  As  corroboration,  the  author  sub- 
mitted  data  obtained  by  study  of  the  hardening  of  some 
alloys  at  cooling  velocities  up  to  100,000°  in  sec. 

K.  I.  Zakharova  and  I.  N.  Stetsenko  devoted  their 
report  to  phase-transitions  in  alloys  of  iron-vanadium. 
As  a  result  of  investigations  of  magnetic  properties  and 
structure  at  polymorphous  transitions  in  these  alloys,  tl 
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presence  of  a  new  ferromagnetic  phase  p  was  established. 
This  phase  was  observed  in  a  wide  area  of  concentration 
at  temperatures  exceeding  the  temperature  of  the  phase 
transition  .  In  the  1050  -  1150°  area  of  tempera¬ 

tures,  there  were  noted  abnormally  small  velocities  of 
phase  conversion. 

A  group  of  reports  was  dedicated  to  the  mobility 
of  atoms  and  ions  in  metallic  systems. 

A  report  of  K.  P.  Gurov  —  using  a  Brenig  formula¬ 
tion  —  considers  the  question  of  the  relation  of  the 
activating  energy  of  self -diffusion  to  the  characteristic 
temperature  of  pure  metals.  This  relation  appears  to  be 
a  first  approximation  of  a  more  general  relationship, 
including  the  unbalanced  characteristics  of  the  process. 
In  conclusion,  the  authors  compared  the  calculated  acti¬ 
vating  energies  with  the  experimental. 

The  report  of  I.  M.  Pedorchenko  and  A.  I.  Raychen— 
ko  —  with  a  consideration  df  the  Kirkendall  effect  — 
examined  the  growth  of  volume  as  a  result  of  burning 
mixed  powder  bodies.  A  face-centered  cubical  lattice 
made  of  metal  cubes  in  a  metal  matrix  served  as  a  model. 
Calculations  were  made  for  a  non-porous  body  and  with  an 
allowance  for  the  independence  of  the  diffusion  coeffi¬ 
cient  of  metal  B  from  concentration  and  time.  The  cal¬ 
culated  maximum  effects  were  compared  with  the  experimen¬ 
tally  observed  effects  in  a  Cu-Ni  system. 

Ye.  A.  Tikhonova  presented  a  theory  of  diffusion 
of  implanted  atoms  in  A-B  type  alloys  of  CuAu,  in  which 
—  at  normalizing  — ■  atoms  A  and  B  are  distributed  accor¬ 
ding  to  alternating  planes  parallel  to  one  of  the  sides 
of  the  cube.  It  was  demonstrated  that  at  normalizing, 
the  diffusion  coefficient  of  the  alloy  and  the  energy  of 
activation  change  intermittently.  In  normalized  alloy 
strong  anisotropy  of  the  diffusion  coefficient  must  be 
observed.  The  diffusion  coefficient  along  the  layers  is 
ordinarily  greater  than  the  coefficient  perpendicular  to 
the  directions  of  layers. 

A  report  by  V.  B.  Piks  was  devoted  to  the  mecha¬ 
nism  of  the* mobility  of  the  admixed  ions  in  metals  under 
the  action  of  an  electric  field  with  a  consideration  of 
the  effect  of  increasing  ions  by  electrons.  It  was 
demonstrated  that  the  effective  mobility  of  the  admixed 
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ion  in  a  metal  is  determined  not  only  by  its  charge  but  also 
by  the  cross-section  of  the  electron  dispersion.  The  move¬ 
ment  of  neutral  admixed  atoms  was  fully  determined  by  their 
absorption  by  electrons.  This  theory  led  him  to  arrive  at 
11  the  rule  of  electroconductivity"  established  by  Scoupi 
and  the  limits  of  its  application.  Calculations  indicate 
that  the  addition  of  the  effect  of  "carrying  away"  ions  by 
electrons  into  thermodiffusion  may  present  a  considerable 
difference  from  the  effects  obtained  experimentally. 

P.  P.  Kuz'menko  and  Ye.  I.  Khar'kov  submitted  inter¬ 
esting  data  obtained  through  study  of  electro-migration  in 
pure  metals  by  means  of  marked  atoms. 

I.  N.  Frantsevich,  D.  P.  Kalinovich,  I.  I.  Kovenskiy, 
M.  D.  Smolin,  and  M.  D.  Glinchuk  submitted  the  results  of 
a  study  —  by  means  of  radioactive  isotopes  —  of  mutual 
electro-migration  of  both  compounds  of  binary  solid  solu¬ 
tions  of  carbon,  chrome,  molybdenum  and  tungsten  in  iron, 
and  also  of  the  electro-migration  of  tungsten  in  nickel. 

It  was  established  that  the  ions  of  carbon,  chrome,  and 
tungsten  in  the  noted  solutions  migrate  —  in  a  constant 
electric  field  —  toward  the  cathode.  In  a  solid  solution 
of  molybdenum  in  iron,  the  atoms  of  molybdenum  migrate  to 
the  anode.  The  atoms  of  iron  in  these  solutions  migrate 
in  a  direction  opposite  to  migration  of  the  dissolved 
element. 

A  group  of  reports  was  dedicated  to  the  mechanism  of 
creeping  and  distortion  of  metals  at  high  temperatures. 

A  report  by  I,  A.  Oding  and  V,  N.  Geminov  contained 
a  discussion  of  metal  destruction  mechanism  at  creeping  in 
conditions  of  increased  temperature.  The  destruction  in 
such  cases  was  explained  by  a  process  of  gradual  accumula¬ 
tion  in  the  metal  of  intragranular  and  intergranular  faults 
connected  with  the  dislocation-hole  mechanism. 

'  A  report  by  I.  A.  Oding  and  L.  K.  Gordiyenko  presen¬ 
ted  the  results  of  investigations  (by  the  method  of  micro¬ 
scopic  analysis)  of  the  changing  mechanical  properties  of 
metals  previously  subjected  to  creepage  test.  They  estab¬ 
lished  the  rules  of  the  plasticity  change,  characteristics 
of  flow,  and  the  conditional  limit  of  strength  for  the  tech¬ 
nical  iron  and  nickel-chrome  alloy  in  various  stages  of 
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service  tinder  conditions  of  creepage.  The  change  in  mecha¬ 
nical  properties  was  compared  with  the  microstructure  of 
the  sample » 

A  report  >y  B.  Ya.  Pines  was  dedicated  to  peculia¬ 
rities  of  a  creepage  diffusion  mechanism.  The  author  of¬ 
fered  data  indicating  that  the  criterion  of  one  or  another 
creepage  mechanism  appears  to  he  the  influence  of  cold 
working  and  annealing  on  the  velocity  process.  Diffusion 
creepage  increases  after  cold  working  and  decreases  after 
annealing.  The  reverse  influence  is  observed  in  the  case 
of  a  dislocation  mechanism  of  the  creepage.  The  observed 
diffusion  creepage  in  crystalline  bodies,  however,  differs 
from  the  viscous  flow  of  amorphous  bodies  by  the  presence 
of  unbalanced  conditions,  distorting  the  simple  rules  of 
viscous  flow.  The  author  illustrated  this  thought  by  sub¬ 
mitting  a  large  amount  of  experimental  material,  obtained 
through  investigation  of  processes  of  restoration  and  after¬ 
effect  in  metallo-ceramic  bodies. 

H.  S.  Zhurkova  and  A.  V.  Savitskiy  presented  results 
of  experimental  verification  of  the  diffusion  theory  of  a 
mechanical  destruction  process  in  pure  silver  and  in  the 
alloy  of  silver  with  5  at  $  of  aluminum.  The  non-coinci~ 
dence  of  a  temperature  effect  of  the  destruction  and  self¬ 
diffusion  processes  as  well  as  the  different  effect  on  them 
of  a  small  addition  of  alloying  elements  indicates,  as  was 
pointed  out  by  the  reporters,  the  different  nature  of  the 
processes  and  sheds  doubt  as  to  the  soundness  of  the  crack- 
growth  diffusion  mechanism. 

A  report  by  N,  S.  Fastov  was  dedicated  to  the  thermo¬ 
dynamics  of  irreversible  processes  of  strengthening  and 
weakening  of  metals.  A  process  of  accumulating  energy  in 
plastically-deformed  crystals  was  examined.  At  a  small 
magnitude  of  deformation,  practically  all  of  the  work  ex¬ 
pended  on  deformation  is  accumulated  toward  the  energy  of 
strengthening.  In  step  with  the  degree  of  increased  defor¬ 
mation,  the  ratio  of  the  energy  of  strengthening  to  the 
work  expended  on  deformation  decreases.  An  estimate  was 
made  as  to  the  location  and  width  of  the  velocity  maximum 
of  the  ouput  of  strengthening  energy  at  a  constant  speed 
of  heating.  The  obtained  results  are  in  qualitative 
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agreement  with  experimental  data  obtained  by  V.  I.  Ehotke* 
vich  for  cadmium. 

In  a  discussion  related  to  this  group  of  reports, 
it  was  stated  that  though  the  comparison  of  mechanisms  of 
various  processes  only  on  the  basis  of  the  temperature  ef¬ 
fect  on  the  velocity  flow  does  not  appear  sufficiently 
hopeful,  nevertheless  there  are  at  the  present  time  serious 
reasons  for  reexamining  some  of  the  simplified  views  rela¬ 
tive  to  the  mechanism  of  creepage  and  metal  destruction  at 
high  temperatures.  Communications  from  A.  I.  Gindin  and 
Yu.  M.  Plishkin  were  closely  related  to  the  ahove  reports, 

A  short  communication  from  A.  I,  Gindin  contained 
interesting  data  relative  to  the  increase  of  plasticity  of 
armco-iron  at  low  temperatures  by  way  of  preliminary  plas¬ 
tic  deformation  at  a  considerably  greater  temperature. 

A  report  by  Yu.  M.  Plishkin  investigated  the  question 
of  stable  configurations  of  atomic  layers  in  relation  to 
the  stretching  of  a  cylinder  in  the  direction  of  its  axis. 

By  means  of  some  simplified  allowances,  the  shape  of  the 
crack  corresponding  to  the  minimum  potential  energy  was 
obtained. 

It,  P,  Rodionov  —  on  the  basis  of  obtained  experi¬ 
mental  data  —  expressed  a  hypothesis  of  the  existence  of 
a  temperature  area,  in  general  not  coinciding  with  the  melt¬ 
ing  temperature,  in  which  there  may  occur  an  abnormal  change 
in  the  physical  properties  of  a  solid  body  under  pressure 
and  temperature.  A  thermodynamic  analysis  was  given  con¬ 
cerning  true  compression  coefficients,  thermal  expansion, 
thermal  capacity,  and  parameters  in  relation  to  pressure 
and  temperature  in  the  area  of  abnormality.  The  report 
expressed  some  qualitative  considerations  relative  to  the 
nature  of  this  phenomenon, 

A  report  by  N.  I.  Varich  was  devoted  to  a  discussion 
of  the  rules  of  periodic  change  in  interatomic  forces  de¬ 
pending  on  the  location  of  elements  in  the  periodic  system 
of  D.  I.  Mendeleyev. 

In  his  communication,  G.  M.  Vorob'yev  examined  the 
possibility  of  authentic  measurements  of  the  intensity  of 
Roentgen  interferences  with  the  presence  of  structure  in 
samples. 
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A  communication  from  A.  S.  Yiglin  was  devoted  to  the 
question  of  textures.  In  it  there  was  a  discussion  of  the 
quantitative  measure  of  structure  in  polycrystalline  mate¬ 
rials. 

In  the  closing  plenary  session,  the  conference  adop¬ 
ted  a  resolution  in  which  the  most  important  questions  of 
metals  and  alloys  were  recorded  and  which  also  indicated 
directions  of  further  investigations.  Organizational  mea¬ 
sures  directed  toward  the  improvement  of  work  in  the  area 
of  the  theory  of  metals  were  also  recommended. 


END 
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